Objective: There is a close relationship between excess adiposity and cardiovascular disease. Although body mass index (BMI) is the most used approach to estimate excess weight, other anthropometric indices have been developed to measure total body and abdominal adipos-ity. Here, our objective was to assess the usefulness of these anthropometric indices to detect subclinical atheromatous disease. Methods: A cross-sectional study with 6,809 middle-aged subjects (mean age, 57 [53-63] years) with low to moderate cardiovascular risk from the IL-ERVAS project. Measures of total body fat (BMI, Clínica Universidad de Navarra -Body Adiposity Estimator [CUN-BAE], and Deurenberg's formula) and central adiposity (waist and neck circumferences, conicity index, waist-to-height ratio, Bonora's equation, the A body adiposity index, and body roundness index) were performed in all participants. Bilateral carotid and femoral ultrasound vascular studies allowed the identification of subjects with plaque. Results: All measured indices were significantly higher in males with subclinical carotid or femoral plaques (p ≤ 0.021 for all). Also, a positive and significant correlation between all indices and the number of affected territories was found (p ≤ 0.013 for all). From the ROC analysis, all measurements identified patients with asymptomatic atheromatosis but none of them helped make clinical decisions. Regarding females, the results were less conclusive. Conclusion: Obesity indices are related to subclinical atheromatosis, especially in men, in a large cohort of middle-aged subjects. However, the indices could not detect the presence of arterial plaque, so, when used in isolation, are unlikely to be decisive.
Introduction
Cardiovascular diseases are responsible for an estimated 124,000 annual deaths in Spain and up to 17.5 million deaths worldwide [1, 2] , with well-documented evidence for the association between body mass index (BMI) and cardiovascular mortality [3] . In fact, almost half the risk of coronary heart disease and three-quarters of the risk of stroke are mediated by excess body weight [4] . In this way, the carotid adventitial vasa vasorum, in which expansion to the avascular intima precedes the carotid intima-media thickness, was increased in subjects with morbid obesity in comparison with non-obese subjects and decreased after weight loss induced by bariatric surgery [5] . These data reinforce the role of excess weight in the development of atheromatous disease and have become a huge health problem linked to the worldwide increase in obesity prevalence [6, 7] . However, the current tools available for assessing cardiovascular risk in clinical practice still do not incorporate obesity measures into their equations.
Because of its simplicity and consistency, BMI is widely used in clinical and epidemiological studies to assess the presence of obesity. Nevertheless, the definition of obesity using BMI classification is far from perfect as it fails to provide an accurate measure of the amount and distribution of body fat [8, 9] . Also, the relationship between BMI and adiposity is clearly influenced by age, gender, and ethnicity [10] . Nowadays, a direct assessment of body adiposity can be achieved using dual-energy X-ray absorptiometry or magnetic resonance imaging (MRI). The former is widely recognized as the gold standard measurement of total adipose tissue whereas MRI and computed tomography (CT) scan better describe abdominal obesity [11] . However, the cost, complexity, and time demands of these well-established approaches limit their widespread use in clinical practice. For this reason, novel anthropometric indices that combine traditional measures have been developed to measure total body and abdominal adiposity [12] [13] [14] [15] [16] [17] [18] . However, little is known about the association of these mathematical equations and the presence of subclinical atheromatous disease.
On this basis, this study sought to determine and compare the discriminatory performance of obesity indices to better estimate the risk of subclinical atheromatosis. For this purpose, we applied three indices of total body fat plus seven indices of abdominal obesity in a large Spanish population with low to moderate cardiovascular risk. Also, all subjects underwent a bilateral carotid and femoral ultrasound exploration to assess the presence of atheromatous disease. 
Methods

Design of the Study and Description of the Study Population
A total of 6,809 subjects were enrolled between January 2015 and December 2017 from thirty-one primary health care centres in the ILERVAS project, an ongoing prospective study dealing with occult atheromatous disease in the province of Lleida, Spain (ClinTrials.gov Identifier: NCT03228459) [19] . The inclusion criteria were as follows: age 45-70 years, no history of cardiovascular disease, and at least one cardiovascular risk factor (hypertension, smoking, obesity, dyslipidaemia, or a first-degree relative with premature cardiovascular disease). The exclusion criteria were: any type of diabetes, chronic kidney disease, active neoplasia, a life expectancy of less than 18 months, and pregnancy.
Assessment of Obesity-Related Parameters
Participants were placed in light clothing and without shoes. Weight and height were measured using standard medical equipment to the nearest 0.5 kg and 1.0 cm, respectively. BMI was calculated as the ratio of body weight (kg) to the height (m) squared. A nonstretchable tape with an accuracy of 0.1 cm was used to evaluate waist and neck circumferences. Waist circumference was measured midway between the lowest rib and the iliac crest on the horizontal plane with the subject in a standing position. Neck circumference was measured in a plane as horizontal as possible, at a point just below the larynx.
Two equations were added to BMI to estimate total body fat: the Clínica Universidad de Navarra -Body Adiposity Estimator (CUN-BAE) and the formula proposed by Deurenberg et al. [12, 13] . The CUN-BAE was calculated as follows: -44.988 + (0.503 × age) + (10.689 × sex) + (3.172 × BMI) -(0.026 × BMI 2 ) + (0.181 × BMI × sex) -(0.02 × BMI × age) -(0.005 × BMI 2 × sex) + (0.00021 × BMI 2 × age), where male = 0 and female = 1 for sex, and age = number of years. The Deurenberg equation assesses body fat using the formula: (1.20 × BMI) + (0.23 × age) -(10.8 × sex) -5.4, where sex is 0 for females and 1 for males.
Five equations were added to the waist and neck circumferences to estimate central adiposity: the conicity index proposed by Valdez [14] (1991), the waist-to-height ratio [15] , the Bonora equation [16] , the A body adiposity index developed by Krakauer and Krakauer [17] (2012), and the recently developed body roundness index proposed by Thomas et al. [18] . The conicity index is based on the hypothesis that people that accumulate abdominal fat have a silhouette like a double cone (that is, two cones sharing the same base, one positioned over the other), whereas subjects with less visceral fat have the shape of a cylinder [14] . Therefore, conicity index ranges from 1.73 (a perfect double cone) to 1.0 (a perfect cylinder) and was obtained following the equation: 0.109 -1 × waist circumference (m) × (weight [kg]/height [m]) -1/2 [14] .
The waist-to-height ratio was calculated as waist circumference (m) divided by height (m) [15] . The equation proposed by Bonora et al. [16] uses different formulas according to gender: -453.7 + (6.37 × waist circumference) for men, and -370.5 + (4.04 × waist circumference) + (2.62 × age) for women. To obtain the body shape index the eccentricity of the body (ε) is first determined [17] . The ε is a non-dimensional value that quantifies the degree of circularity of an ellipse, ranges from 0 (perfect circle) to 1 (a vertical line), and is calculated by the formula:
(1 -π -2 × waist circumference [m] 2 × height [m] -2 ) 1/2 . Subsequently, the next formula calculates the index: 364.2 -(365.5 × ε), in which values closer to 1 are related to rounder individuals, whereas lower values are associated with leaner individuals [17] . Finally, the body roundness index was calculated as: waist circumference (m)/(BMI 2/3 × height (m) 1/2 ) [18] .
Assessment of Atheromatous Disease
Bilateral carotid (common artery, bifurcation, internal and external) and femoral (common and superficial) areas were explored by a single group of trained sonographers [20] . The ultra- Standardized and validated scanning and reading protocols were used [20] . A plaque was defined as focal intima-media intrusion into the lumen ≥1.5 mm thick, and subclinical atheromatosis was defined as the presence of at least one plaque in any of the twelve assessed areas [21, 22] . The number of affected territories, ranging from 0 to 12, was noted.
Covariate Assessment
The smoking status (never/current/former) was recorded. Smokers who stopped smoking ≥1 year prior to recruitment were considered former smokers. Blood pressure was measured in triplicate, after a 5-min rest using an automated device (Omron M6 Comfort HEM-7221-E; Omron Healthcare, Kyoto, Japan) at 2-min intervals, and the mean of the last two was calculated. Pulse pressure, subtracting the diastolic from the systolic blood pressure, was also assessed. Finally, a dried capillary blood sample for total cholesterol (mg/dL) measurement was performed using a REFLOTRON ® (Roche Diagnostics, GmbH, Germany).
Statistical Analysis
Subjects were classified based on the diagnosis of subclinical atheromatosis. The normal distribution of the variables was evaluated using the Shapiro-Wilk test. Given its skewed distribution, quantitative data are expressed as the median (interquartile range). Baseline characteristics across the presence of subclinical atheromatous disease were compared by the Mann-Whitney U test for quantitative variables, and the Pearson χ 2 test for categorical variables. The relationships between obesity indices were assessed by the Spearman correlation test.
The areas under receiver operating characteristic (ROC) curves with a complete sensitivity/ specificity report were calculated to examine the diagnostic ability of each adiposity measure to discriminate subclinical atheromatosis. An odds ratio with its 95% confidence interval was finally calculated. The total area under the ROC curve was interpreted using the following guidelines: 0.9-1.0, excellent; 0.8-0.9, good; 0.7-0.8, fair; 0.6-0.7, poor; and 0.5-0.6, not useful.
All statistical analyses were performed using SSPS statistical package (SPSS Statistics for Windows, Version 20.0; IBM, Armonk, NY, USA). All p values were based on a two-sided test of statistical significance, set at p < 0.05. 
Results
The prevalence of subclinical atheromatous disease in the study population was 68.6%. The main clinical and metabolic data of the study population according to the presence of at least one plaque are shown in Table 1 . Atheromatosis was higher in smokers and men, and increased with age, blood pressure levels, and total cholesterol concentration. However, no differences in the prevalence of obesity according to BMI (29.3 vs. 31.5%, p = 0.071) or in BMI values (28.5 [25.3-32 .0] vs. 28.6 [25.9-32 .0] kg/m 2 , p = 0.088] were observed when comparing participants with and without subclinical atheromatous disease. Table 2 displays the results of the obesity indices related to total body fat and central adiposity according to gender in participants with and without atheromatous disease. All measured indices were significantly higher in male individuals with subclinical atheromatosis in comparison with subjects without carotid or femoral plaques (p ≤ 0.021 for all). However, when female participants were evaluated, we failed to find significant differences in indices related with total body fat, such as BMI and CUN-BAE, and abdominal adiposities, such as waist circumference, waist-to-height ratio, and Bonora's equation.
In male subjects, a positive and significant correlation between all indices for fat accumulation and the number of arterial territories with plaque was found in the bivariate analysis (Table 3 ). Nevertheless, in female participants, the correlation with total affected territories was only significant for the conicity index, Bonora's equation, the A body shape index, and neck circumference (p < 0.001 for all comparisons).
From the ROC analysis, we show that in male participants, all measurements related to either total body or abdominal adiposity were useful indicators to identify patients with asymptomatic atheromatosis (Table 4 ). However, the total area under the ROC curve indicates that none of them is helpful for taking clinical decisions in our population. When the ROC analysis was applied to female participants, although Deurenberg's index, conicity index, the A body shape index, and neck circumference were able to discriminate individuals with atheromatous disease, none of them appeared to be of clinical interest in the identification of vulnerable subjects.
Discussion
This study compares the relationship between different equations used to estimate body fat and abdominal obesity and the presence of subclinical atheromatosis in a middle-aged Caucasian cohort. Our data support the hypothesis that excess body fat is related to the presence of at least one plaque in any of the twelve assessed areas in carotid and femoral arteries. However, we should also note three main findings from our work: (i) a marked difference between the two genders, suggesting that sex-specific values should be used in clinical practice when attempting to evaluate adiposity accumulation in a general population; (ii) the absence of clear differences between indices related to total body or abdominal adiposity to better discriminate the presence of subclinical atheromatosis; and (iii) no isolated obesity index appears to be good enough to be incorporated in clinical practice to identify subjects at risk.
The relationship between obesity and cardiovascular diseases is well known and is predominantly related to the visceral accumulation of fat depots. Visceral fat area quantified by MRI or dual-source CT has been shown to effectively identify carotid atherosclerosis, especially in Asian populations [23] [24] [25] . When the visceral fat area was measured in 3,381 participants older than 40 years without a previous history of cardiovascular diseases, a clear and independent association with carotid intima-media thickness was observed [23] . Also, when waist circumference was used as a surrogate of abdominal adiposity, similar results were communicated not only in Asian participants but also in Europeans [26, 27] . In this way, waist circumference, together with serum concentrations of low-density lipoprotein cholesterol and insulin, was directly associated with the 6-year progression of carotid intima-media thickness in a population of 1,809 young adults from Finland [26] . Similarly, waist circumference was significantly related to carotid intima-media thickness in 518 postmenopausal Chinese women aged 50-64 years, independent of age, hormone therapy, sociodemographic factors, and BMI [27] . Our results, assessing several indices of total body fat and abdominal obesity in a large Spanish population with low to moderate cardiovascular risk, support the association of excess adiposity stores with subclinical atherosclerosis. However, the magnitude of this association is weak and precludes the application of obesity indices alone to screen subjects at risk of suffering cardiovascular events.
Our study also reinforces the concept that obesity indices are gender specific. The reasons for gender disparity are unclear, although differences in regional adipose tissue distribution and body fatness are well documented [28] . In fact, all tested indices in males included in the ILERVAS project appear to be significantly higher in those with atheromatous disease compared to subjects without plaque. However, only one of the three indices that estimate total body fat and four of the seven indices that assess abdominal adiposity follow this pattern among women. Data from 1,005 middle-aged Chinese individuals (49% women) free of cardiovascular disease who underwent MRI showed that visceral fat adiposity effectively identified carotid atherosclerosis in men but not in women [25] . However, among 3,001 participants from the Framingham Heart Study (52% women) free of clinical cardiovascular disease, relationships between the visceral adipose tissue assessed by multidetector CT and metabolic risk factors were consistently stronger in women than in men [29] . Also, in the Jackson Heart Study, with 2,477 participants (64% women), the association of visceral and subcutaneous adipose tissue with most of the evaluated risk factors was stronger for women than for men [30] .
Previous studies have evaluated the relation of obesity indices with the presence of vascular risk factors rather than their capacity to discriminate subjects with atheromatous disease. In this way, our study demonstrates that the estimation of total body fat with the Deurenberg equation, as well as the calculation of central adiposity with the conicity index, the body roundness index, and the A body shape index can identify subjects with at least one carotid or femoral plaque in both genders. The prediction of the percentage of body fat using the age-and sex-specific equation proposed in 1991 by Deurenberg et al. [13] takes for granted that, when the BMI increases over a certain threshold, the excess value is for a fixed part due to body fat. This equation correlated well with body fat measured by either dualenergy X-ray absorptiometry or densitometry (underwater weighing) in a cross-sectional observational study that included 234 females and 182 males [31] . However, no previous data about its relationship with vascular diseases have been communicated.
The conicity index does not include gender-discriminating measures for the estimation of central obesity. Although its measurement was associated with type 2 diabetes and hypertension in Brazilian women, it failed to correlate with the plasma atherogenic index in 414 sedentary young males from Nigeria or in 909 relatively lean patients in maintenance haemodialysis from China [32] [33] [34] . In addition, the conicity index did not show a positive association with the presence of stenosis in major coronary arteries in 610 subjects from Iran [35] . The low ability of this index to predict vascular disease has been justified because weight might dilute the influence of height according to its formula [36] . Therefore, our results present the first positive data supporting the role of the conicity index in low to moderate cardiovascular risk populations, albeit its total area under the ROC curve suggests it as not useful.
The predictive capability of the body roundness index for identifying cardiovascular diseases was first assessed by Maessen et al. [37] in 4,627 Dutch participants of the Nijmegen Exercise Study. In this cross-sectional study, when comparing the lowest with the highest quintile of the index, the adjusted OR (95% CI) to identify the previous history of myocardial infarction and stroke showed a 3-fold significant increase but was not superior to BMI or waist circumference. On the other hand, the A body shape index was more predictive for premature mortality risk across age, sex, and weight than either waist circumference or BMI in the USA population from the National Health and Nutrition Examination Survey (NHANES) 1999-2004 [17] . In another national survey, the British Health and Lifestyle Survey (HALS), the A body shape index was a consistent predictor of mortality hazard over at least 20 years of follow-up, and participants who experienced a rise in their index were at greater risk than those who experienced a decrease [38] . Similarly, in a 13-year follow-up cohort study with 41,020 Spanish adults, the A body shape index, waist circumference, and waist-to-hip ratio, but not BMI, were significantly associated with the total incidence of stroke in men [39] .
Finally, neck circumference is considered a promising marker not only for upper-body subcutaneous fat but also for visceral obesity [40, 41] . In fact, its measurement was positively associated with visceral fat among the 1,053 adults included in the Brazilian Metabolic Syndrome Study and has shown a strong correlation with 10-year coronary artery disease risk as calculated by the Framingham risk score [42, 43] . However, neck circumference was not associated with advanced atherosclerosis in 120 subjects who underwent coronary angiography and carotid Doppler ultrasound [44] . Our data also failed to identify neck circumference as a better predictor of subclinical atherosclerosis than the rest of the obesity indices.
Some potential limitations must be underlined in our study. First, and probably the main one, is that we lack the true percentage and distribution of body fat determined with a gold standard tool. There is accumulating evidence that once visceral adipose tissue increases, Sánchez et al.: Can Obesity Indices Detect Subclinical Atheromatosis in the Middle-Aged? www.karger.com/ofa dyslipidaemia and endothelial dysfunction remain as additive risk factors in the promotion of atherosclerosis [29, 30, 45] . However, the close relationship between obesity indices and adiposity has been previously well established, and remarkable differences between them have not been detected in our large population. These findings are not especially novel. However, the use of so many of the proposed indices allows a clear evaluation of the comparative clinical value of such indices. Second, we have not evaluated other obesity indices including hip circumference, abdominal volume index, body adiposity index, and waist-to-hip ratio. We are not sure whether their inclusion would improve our results. Third, as an observational and cross-sectional study, a causal relationship between excess body adiposity and subclinical atheromatosis cannot be established.
In conclusion, our data show that obesity indices are related to subclinical atheromatosis, especially in men, in a large cohort of middle-aged subjects with low to moderate cardiovascular risk. However, the indices could not detect the presence of arterial plaque, so its applicability in clinical practice in an isolated way might be not decisive. Global cardiovascular risk assessment to identify the most vulnerable subjects at risk of suffering an event is far from perfect, and all involved factors need to be considered globally. 
